REMARKS 

In view of the above amendments and following remarks, reconsideration and further 
examination are requested. 

The specification and abstract have been reviewed and revised to make editorial changes 
thereto and generally improve the form thereof, and a substitute specification and abstract are 
provided. No new matter has been added by the substitute specification and abstract. 

By the current Amendment, claims 1-6, 8-12, 28-35, 37-50, 52-57 and 59 have been amended, 
and claims 7, 13-27, 36, 51, 58 and 60-62 have been cancelled. 

Claims 1, 3-7, 28, 30-36, 57 and 59 were rejected under 35 U.S.C. § 102(b) as being 
anticipated by Chen et al. Claims 12 and 41 were rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Chen et al. Claims 42, 43, 46, 47, 49-51 and 56 were rejected under 35 U.S.C. § 
103(a) as being unpatentable over Shamouilian et al. And, claims 2, 8-1 1, 29, 37-40, 44, 45, 48 and 
52-55 were objected to as being dependent upon a rejected base claim, but were indicated to be 
allowable if rewritten in independent form including all of the limitations of the base claim and any 
intervening claims. In view of the rejections and indication of allowable subject matter as expressed 
by the Examiner, the following actions have been taken. 

Allowable claims 2, 8-1 1 , 29, 37-40, 44, 45, 48 and 52-55 have been rewritten in independent 
form including all of the limitations of the base claim and any intervening claims, and independent 
claims 1, 28, 42, 57 and 59 have been amended so as to further distinguish these claims from the 
references relied upon by the Examiner. 

In this regard, each of independent claims 1, 28, 42, 57 and 59 have been amended to now 

recite a substrate holding apparatus that includes inter alia 

a retainer ring, fixed to or integrally formed with said top 

ring body, for holding a peripheral portion of the substrate, 

said retainer ring defining a central opening and having a 

through hole extending through said retainer ring, (emphasis added) 

The through hole extending through the retainer ring is shown in each of Figures 2, 7, 12 and 
14, wherein with specific reference to Figure 2 the retainer ring is designated by reference numeral 
"3" and the through hole is designated by reference numeral "3a". 
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The significance of the through hole is described on page 32, lines 9-21 of the original 
specification. A retainer ring including such a through hole is not taught or suggested by either of 
the references relied upon by the Examiner. 

In this regard, while Chen et al. discloses a retaining ring 1 10, this retaining ring does not 
include a through hole extending therethrough. Similarly, while Shamouilian et al. discloses a 
retaining ring assembly 106, this retaining ring assembly also does not include a through hole 
extending therethrough. 

Accordingly, because neither Chen et al. nor Shamouilian et al. disclose or suggest a retainer 
ring having a through hole extending therethrough, as required by each of independent claims 1,28, 
42, 57 and 59, these claims and their dependent claims are allowable over Chen et al. and Shamouilian 
et al. either taken alone or in combination. 

In view of the above amendments and remarks, it is respectfully submitted that the present 
application is in condition for allowance and an early Notice of Allowance is earnestly solicited. 

If after reviewing this Amendment, the Examiner believes that any issues remain which must 
be resolved before the application can be passed to issue, the Examiner is invited to contact the 
Applicants 5 undersigned representative by telephone to resolve such issues. 



JMG/edg 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
March 10,2004 



Respectfully submitted, 




(Joseph M. Gorski 
Registration No. 46,500 
Attorney for Applicants 
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SUBSTRATE HOLDING APPARATUS 



BACKGROUND OF THE INVENTION 

Field of the Invention: 

5 [0001] The present invention relates to a substrate holding apparatus for holding a 

substrate to be polished and pressing the substrate against a polishing surface, and more 
particularly to a substrate holding apparatus for holding a substrate such as a semiconductor 
wafer in a polishing apparatus for polishing the substrate. 



1 0 Description of the Related Art: 

[0002] In a manufacturing process of a semiconductor device, a thin film is formed on 

a semiconductor device, and then micromaohining micro-machining p rocesses, such as 
patterning or forming holes, are performed. Thereafter, the above processes are repeated to 
form thin films on the semiconductor device. Recently, semiconductor devices have become 
15 more integrated, and structure of semiconductor elements has become more complicated. In 
addition, the number of layers in multilayer interconnections used for a logical system has 
been increased. Therefore, irregularities on the-a^surface of the semiconductor device are 
increased, so that the-a^step height on the surface of the semiconductor device becomes larger. 
[0003] When the-irregularities of the-a_surface of the-a__semiconductor device are 

2 0 increased, the following problems arise. T h e thickn e ss Thickness of a film formed in a 
portion having a step is relatively small. An open circuit is caused by disconnection of 
interconnections, or a short circuit is caused by insufficient insulation between the-layers. 
As a result, good products cannot be obtained, and tbe~a_yield is reduced. Further, even if a 
semiconductor device initially works normally, reliability of the semiconductor device is 



lowered after a long-term use. At the-atime of exposure ffl -during a lithography process, if 
the-an irradiation surface has irregularities, then a lens unit in an exposure system is locally 
unfocused. Therefore, if the irregularities of the surface of the semiconductor device are 
increased, then it is difficult to form a fine pattern on the semiconductor device. 
[0004] Thus, itt-the during a manufacturing process of a semiconductor device, it is 

increasingly important to planarize the-a_surface of the semiconductor device. The most 
important one of tbe-planarizing technologies is chemical mechanical polishing (CMP). In 
the-chemical mechanical polishing using a polishing apparatus, while a polishing liquid 
containing abrasive particles such as silica (Si02) therein is supplied onto a polishing surface 
such as a polishing pad, a substrate such as a semiconductor wafer is brought into sliding 
contact with the polishing surface, so that the substrate is polished. 

[0005] This type of polishing apparatus comprises a polishing table having a polishing 

surface constituted by a polishing pad, and a substrate holding apparatus, such as a top ring or 
a carrier head, for holding a semiconductor wafer. When a semiconductor wafer is polished 
with this type of polishing apparatus, the semiconductor wafer is held by the substrate holding 
apparatus and pressed against the polishing table- pad under a predetermined pressure. At 
this time, the polishing table and the substrate holding apparatus are moved relatively to each 
other to bring the semiconductor wafer into sliding contact with the polishing surface, so that 
the surface of the semiconductor wafer is polished to a flat mirror finish. 
[0006] If a pressing force produced between the semiconductor wafer and the 

polishing surface of the polishing pad is not uniform over the-an entire surface of the 
semiconductor wafer, then the semiconductor wafer is insufficiently or excessively polished 
depending on the pressing force applied to the semiconductor wafer. Therefore, it has been 
attempted that a holding surface of the substrate holding apparatus is formed by an elastic 
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membrane of an elastic material such as rubber, and a fluid pressure such as air pressure is 
applied to the-a_backside surface of the elastic membrane to make uniform the pressing force 
applied to the semiconductor wafer over the entire surface of the semiconductor wafer. 
[0007] The polishing pad is so elastic that the pressing force applied to the-a 

5 peripheral portion of the semiconductor wafer becomes non-uniform and hence the peripheral 
portion of the semiconductor wafer is excessively polished to cause edge rounding. In order 
to prevent such edge rounding, there has been used a substrate holding apparatus in which the 
a_semiconductor wafer is held at its peripheral portion by a guide ring or a retainer ring, and 
the-an annular portion of the-apolishing surface that corresponds to the peripheral portion of 

1 0 the semiconductor wafer is pressed by the guide ring or the retainer ring. 

[0008] The-Athickness of a thin film formed on the~a_surface of the-asemiconductor 

wafer varies from position to position in the-aj*adial direction of the semiconductor wafer 
depending on a film deposition method or the-characteristics of a film deposition apparatus. 
Specifically, the thin film has a film thickness distribution in the radial direction of the 

15 semiconductor wafer. When a conventional substrate holding apparatus for uniformly 
pressing the — an entire surface of the semiconductor wafer is used for polishing the 
semiconductor wafer, the entire surface of the semiconductor wafer is polished uniformly. 
Therefore, the-a_conventional substrate holding apparatus cannot realize the~a__polishing 
amount distribution that is equal to the film thickness distribution on the surface of the 

20 semiconductor wafer, and hence cannot sufficiently cope with the film thickness distribution 
in the radial direction so as to cause insufficient or excessive polishing. 
[0009] As described above, the film thickness distribution on the surface of the 

semiconductor wafer varies depending on the type of a film deposition method or a film 
deposition apparatus employed . Specifically, the-aposition and number of portions having a 



large film thickness in the radial direction and the-difference in thickness between thin film 
portions and thick film portions vary depending on the type of a film deposition method or a 
film deposition apparatus employed . Therefore, a substrate holding apparatus capable of 
easily coping with various film thickness distributions at low cost has been required rather 
5 than a substrate holding apparatus capable of coping with only a specific film thickness 
distribution. 



SUMMARY OF THE INVENTION 
[0010] The present invention has been made in view of the above drawbacks. It is 

10 therefore an object of the present invention to provide a substrate holding apparatus capable 
of polishing a substrate such as a semiconductor wafer in accordance with a thickness 
distribution of thin film formed on the-a^surface of the substrate, and obtaining uniformity of 
the-film thickness after polishing. 
[0011] It is another object of the present invention to provide a substrate holding 

15 apparatus capable of easily coping with not only a specific film thickness distribution but also 
various film thickness distributions at low cost. 

[0012] According to an aspect of the present invention, there is provided a substrate 

holding apparatus for holding a substrate to be polished and pressing the substrate against a 
polishing surface, the substrate holding apparatus comprising: a top ring body for holding a 
20 the substrate; an elastic pad for being brought into contact with the substrate; a support 
member for supporting the elastic pad; a contact member mounted on a lower surface of the 
support member and disposed in a space formed by the elastic pad and the support member, 
the contact member having an elastic membrane for being brought into contact with the 
elastic pad; a first pressure chamber defined in the contact member; a second pressure 



chamber defined outside of the contact member; and a fluid source for independently 
supplying a fluid into^ or creating a vacuum in^ the first pressure chamber and the second 
pressure chamber. 

[0013] According to another aspect of the present invention, there is provided a 

substrate holding apparatus for holding a substrate to be polished and pressing the substrate 
against a polishing surface, the substrate holding apparatus comprising: a top ring body for 
holding a substrate; a seal ring for being brought into contact with an upper surface of a 
peripheral portion of the substrate; a support member for supporting the seal ring; a contact 
member mounted on a lower surface of the support member and disposed in a space formed 
by the substrate^ and-the seal ring and the support member, with the contact member having 
an elastic membrane for being brought into contact with the substrate; a first pressure 
chamber defined in the contact member; a second pressure chamber defined outside of the 
contact member; and a fluid source for independently supplying a fluid into, or creating a 
vacuum in , the first pressure chamber and the second pressure chamber. 
[0014] According to still another aspect of the present invention, there is provided a 

substrate holding apparatus for holding a substrate to be polished and pressing the substrate 
against a polishing surface, the substrate holding apparatus comprising: a top ring body for 
holding a- the substrate; a support member having a contact member mounted on a lower 
surface thereof, the contact member being disposed in a space formed by the substrate and the 
support member and having an elastic membrane for being brought into contact with the 
substrate; a first pressure chamber defined in the contact member; a second pressure chamber 
defined outside of the contact member; and a fluid source for independently supplying a fluid 
into a or creating a vacuum in, the first pressure chamber and the second pressure chamber. 
[0015] According to another aspect of the present invention, there is provided a 
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substrate holding apparatus for holding a substrate to be polished and pressing the substrate 
against a polishing surface, the substrate holding apparatus comprising: a top ring body for 
holding a- the substrate; an elastic pad for being brought into contact with the substrate; a 
support member for supporting the elastic pad; and a plurality of contact members mounted 
on a lower surface of the support member, the plurality of contact members each having an 
elastic membrane for being brought into contact with the elastic pad and being independently 
pressed against the elastic pad. 

[0016] According to the present invention, pressures in a first pressure chamber and a 

second pressure chamber can be independently controlled. Therefore, a pressing force 
applied to a thicker area of a thin film on a substrate can be made higher than a pressing force 
applied to a thinner area of the thin film, thereby selectively increasing the-a_polishing rate of 
the thicker area of the thin film. Consequently, an entire surface of a- the substrate can be 
polished exactly to a desired level irrespective of the-afilm thickness distribution obtained at 
the-atime the thin film is formed. The pressing force is a pressure per unit area for pressing 
the substrate against a polishing surface. 

[0017] In a preferred aspect of the present invention, the fluid source supplies a fluidi 

controlled in terms of temperature, into the first pressure chamber and the second pressure 
chamber, respectively. Preferably, the plurality of contact members are spaced from one 
another at predetermined intervals. 

[0018] According to another aspect of the present invention, a communicating portion 

for allowing the-fluid supplied to the first pressure chamber to contact a contact surface of the 
substrate is formed in the-ajower surface of the elastic membrane of the-a_contact member. 
When the-pressurized fluids supplied to the pressure chambers are controlled in terms of 
temperature and #*e-a_temperature of the substrate is controlled from the-a_backside of the 



surface to be polished, the above arrangement can increase the-an area in which a pressurized 
fluid,, controlled in terms of temperature, is brought into contact with the substrate. 
Therefore, controllability in terms of temperature of the substrate can be improved. Further, 
when the-polishing of the substrate is finished and the substrate is released, the pressure 
chambers are respectively opened to the-outside air via the communicating portion. Thus, 
fluids supplied into the pressure chambers are prevented from remaining in the pressure 
chambers. Therefore, even when substrates are continuously polished, controllability in 
terms of temperature of the substrate can be maintained. 

[0019] In a substrate holding apparatus comprising a seal ring, the-ajower surface of 

the support member is not covered after the-asubstrate is released. Therefore, a large part of 
the lower surface of the support member is exposed after the substrate is released, so that the 
substrate holding apparatus can easily be cleaned after the-a_polishing process. In either a 
substrate holding apparatus comprising an elastic pad or a substrate holding apparatus 
comprising a seal ring, the support member should preferably be made of an insulating 
material such as resin or ceramic s ceramic . The seal ring should preferably extend radially 
inwardly from an innermost position of a recess, such as a notch or orientation flat, for 
recognizing or identifying the-an orientation of a substrate. 

[0020] In a preferred aspect of the present invention, the- each contact member 

comprises a holding member for detachably holding the-its elastic membrane. With this 
arrangement, the elastic membrane of the contact member can easily be replaced with another 
one, and hence the-a_position and size of the first pressure chamber and the second pressure 
chamber can be changed simply by change o f changing the elastic membrane of the contact 
member. Therefore, a substrate holding apparatus according to the present invention can 
easily cope with various thickness distributions of a thin film formed on the-a_substrate to be 
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polished at a low cost. 

[0021] In another preferred aspect of the present invention, the holding member of the 

each contact member is detachably mounted on the support member. With this arrangement, 
the contact member can easily be replaced with another one, and hence the-aposition and size 
of the first pressure chamber and the second pressure chamber can be changed simply by 
change o f changing the contact member. Therefore, a substrate holding apparatus according 
to the present invention can easily cope with various thickness distributions of a thin film 
formed on the-a_substrate to be polished at a low cost. 

[0022] In still another preferred aspect of the present invention, a protrusion radially 

protrudin g extending from a circumferential edge of the elastic membrane of the -each contact 
member is provided on the-ajower surface of the elastic membrane. The protrusion is 
brought into close contact with an elastic pad or a substrate by a pressurized fluid supplied to 
the second pressure chamber to prevent the pressurized fluid from flowing into the~a_lower 
portion of the contact member. Hence, the-a_range of pressure control can be widened to 
press the substrate against the-apolishing surface more stably. 

[0023] In another preferred aspect of the present invention, the contact member 

includes a central contact member disposed at a position corresponding to a central portion of 
fche-asubstrate, and an outer contact member disposed outside of the central contact member. 
[0024] In still another preferred aspect of the present invention, the outer contact 

member is mounted at a position corresponding to an outer peripheral portion of the-a 
substrate. With this arrangement, the-a_pressing force applied to the peripheral portion of 
the substrate is appropriately controlled to suppress effects due to elastic deformation of a 
polishing surface or entry of a polishing liquid into a space between the polishing surface and 
the substrate, for thereby uniformly polishing the peripheral portion of the substrate. 
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[0025] In another preferred aspect of the present invention, the substrate holding 

apparatus further comprises a retainer ring fixed to a or integrally formed with^ the top ring 
body for holding a peripheral portion of the substrate. 

[0026] In still another preferred aspect of the present invention, the top ring body 

comprises a cleaning liquid passage defined therein for supplying a cleaning liquid into a gap 
defined between an outer circumferential surface of the elastic pad and the retainer ring. 
When a cleaning liquid (pure water) is supplied from the cleaning liquid passage into the gap 
defined between an-the outer circumferential surface of the elastic pad and the retainer ring, a 
polishing liquid in the gap is washed away to remove deposits of the-apolishing liquid in the 
gap. Therefore, the support member, the elastic pad, or the substrate can smoothly be moved 
in a vertical direction with respect to the top ring body and the retainer ring. 
[0027] In another preferred aspect of the present invention, the retainer ring is fixed to 

the top ring body without interposing an elastic member between the retainer ring and the top 
ring body. If an elastic member such as rubber is clamped between the retainer ring and the 
top ring body, then a desired horizontal surface cannot be maintained on the-a_lower surface 
of the retainer ring because of elastic deformation of this elastic member. However, the 
above arrangemen t i.e. absent an elastic member between the retainer ring and the top ring 
body, can maintain the-a_desired horizontal surface on the lower surface of the retainer ring. 
[0028] In still another preferred aspect of the present invention, the elastic membrane 

of fee- each contact member has a partially different thickn e ss differing thicknesses, or 
partially includes an inelastic member. With this arrangement, deformation of the elastic 
membrane due to the-pressure in the first and second pressure chambers can be optimized. 
[0029] According to another aspect of the present invention, there is provided a 

polishing apparatus comprising the above substrate holding apparatus and a polishing table 
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having a polishing surface. 

[0030] According to still another aspect of the present invention, there is provided a 

substrate holding apparatus for holding a substrate to be polished and pressing the substrate 
against a polishing surface, comprising: a top ring body for holding a-the substrate; a plurality 
e^annular members formed of an elastic material for being held inte-in contact with the 
substrate; a plurality of sections defined by the plurality of annular members, the plural i ty of 
sections being opened downwardly; and a fluid passage for supplying a fluid into the plurality 
ef sections. 

[0031] According to another aspect of the present invention, there is provided a 

polishing method for polishing a substrate, comprising: pressing a substrate against a 
polishing surface provided on a polishing table; and polishing a substrate in such a state that a 
pressing force applied to a thicker area of a thin film on the substrate is made higher than a 
pressing force applied to a thinner area of the thin film. 

[0032] According to still another aspect of the present invention, there is provided a 

polishing method for polishing a substrate, comprising: pressing a substrate against a 
polishing surface provided on a polishing table; defining a plurality of sections opened 
downwardly by a plurality of annular members formed of an elastic material held inte-in 
contact with a-the substrate; and supplying a fluid into i or creating a vacuum in A the plurality 
ejections. 

[0033] The above and other objects, features, and advantages of the present invention 

will be apparent from the following description when taken in conjunction with the 
accompanying drawings which illu s trates illustrate preferred embodiments of the present 
invention by way of example. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0034] FIG 1 is a cross-sectional view showing a whole an entire structure of a 

polishing apparatus according to a first embodiment of the present invention; 
[0035] FIG 2 is a vertical cross-sectional view showing a substrate holding apparatus 

5 according to the first embodiment of the present invention; 

[0036] FIG 3 is a bottom view of the substrate holding apparatus shown in FIG 2; 

[0037] FIGS. 4A through 4E are vertical cross-sectional views showing other 

examples of contact members (central bag and ring tube) in a substrate holding apparatus 
according to the present invention; 
10 [0038] FIG 5 is a vertical cross-sectional view showing another example of contact 

members (central bag and ring tube) in a substrate holding apparatus according to the present 
invention; 

[0039] FIGS. 6A and 6B are vertical cross-sectional views showing other examples of 

contact members (central bag and ring tube) in a substrate holding apparatus according to the 
1 5 present invention; 

[0040] FIG. 7 is a vertical cross-sectional view showing a substrate holding apparatus 

according to a second embodiment of the present invention; 

[0041] FIG. 8 is a vertical cross-sectional view showing another example of contact 

members (central bag and ring tube) in a substrate holding apparatus according to the present 
2 0 invention; 

[0042] FIG. 9 is a bottom view of the substrate holding apparatus shown in FIG 8 in 

such a state that a semiconductor wafer is removed; 

[0043] FIG 10 is a bottom view showing another example of contact members 

(central bag and ring tube) in a substrate holding apparatus according to the present invention; 
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[0044] FIG 1 1 is a vertical cross-sectional view showing another example of contact 

members (central bag and ring tube) in a substrate holding apparatus according to the present 
invention; 

[0045] FIG. 12 is a vertical cross-sectional view showing a substrate holding 

apparatus according to a third embodiment of the present invention; 

[0046] FIG 13 is a bottom view of the substrate holding apparatus shown in FIG 12; 

and 

[0047] FIG 14 is a vertical cross-sectional view showing a substrate holding 

apparatus according to another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0048] A polishing apparatus according to a first embodiment of the present invention 

will be described below with reference to FIGS. 1 through 6. 

[0049] FIG 1 is a cross-sectional view showing a whole an entire structure of a 

polishing apparatus having a substrate holding apparatus according to the first embodiment of 
the present invention. The substrate holding apparatus serves to hold a substrate, such as a 
semiconductor wafer, to be polished and to press the substrate against a polishing surface of a 
polishing table. As shown in FIG 1, a polishing table 100 is disposed underneath a top ring 
1 constituting the substrate holding apparatus according to the present invention^ and has a 
polishing pad 101 attached to an upper surface thereof. A polishing liquid supply nozzle 
102 is disposed above the polishing table 100 and supplies a polishing liquid Q onto the 
polishing pad 101 on the polishing table 100. 

[0050] Various kinds of polishing pads are sold on the market. For example, some 

of these are SUBA800, IC-1000, and IC-1000/SUBA400 (two-layer cloth) manufactured by 



Rodel Inc., and Surfin xxx-5 and Surfin 000 manufactured by Fujimi Inc. SUBA800, Surfin 
xxx-5, and Surfin 000 are non-woven fabrics bonded by urethane resin, and IC-1000 is rigid 
foam polyurethane (single-layer). Foam polyurethane is porous and has a large number of 
fine recesses or holes formed in its surface. 

[0051] The top ring 1 is connected to a top ring drive shaft 1 1 by a universal joint 10. 

The top ring drive shaft 11 is coupled to a top ring air cylinder 111 fixed to a top ring head 
110. The top ring air cylinder 111 operates to vertically move the top ring drive shaft 11 to 
thus lift and lower the top ring 1 as a whole. The top ring air cylinder 1 1 1 also operates to 
press a retainer ring 3. fixed to tbe-a_lower end of a top ring body 2 X against the polishing 
table 100 pad 101 . The top ring air cylinder 1 1 1 is connected to a compressed air source 
(fluid source) 120 via a regulator Rl, which regulates the pressure of air supplied to the top 
ring air cylinder 111 for thereby adjusting a pressing force with which the retainer ring 3 
presses the polishing pad 101. 

[0052] The top ring drive shaft 11 is connected to a rotary sleeve 112 by a key (not 

shown). The rotary sleeve 112 has a timing pulley 113 fixedly disposed therearound. A top 
ring motor 114 having a drive shaft is fixed to the~an upper surface of the top ring head 110. 
The timing pulley 113 is operatively coupled to a timing pulley 116 A mounted on #*e-a_drive 
shaft of the top ring motor 114^ by a timing belt 115. When the top ring motor 114 is 
energized, the timing pulley 116, the timing belt 44£_U_5, and the timing pulley 113 are 
rotated to rotate the rotary sleeve 112 and the top ring drive shaft 11 in unison with each 
other, thus rotating the top ring 1. The top ring head 110 is supported on a top ring head 
shaft 117 fixedly supported on a frame (not shown). 

[0053] The top ring 1 of the substrat e holding apparatus according to the first 

embodiment of the present invention will be described below. FIG 2 is a vertical cross- 
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sectional view showing the top ring 1 according to the first embodiment, and FIG. 3 is a 
bottom view of the top ring 1 shown in FIG 2. 

[0054] As shown in FIG 2, the top ring 1 comprises the top ring body 2 in the form of 

a cylindrical housing with a storage space defined therein, and the retainer ring 3 fixed to the 
5 lower end of the top ring body 2. The top ring body 2 is made of a material having high 
strength and rigidity, such as metal or ceramic s ceramic . The retainer ring 3 is made of 
highly rigid synthetic resin, ceramic s ceramic , or the like. 

[0055] The top ring body 2 comprises a cylindrical housing 2a, an annular 

pressurizing sheet support 2b fitted in the cylindrical housing 2a, and an annular seal 2c fitted 
1 0 over an outer circumferential edge of an upper surface of the cylindrical housing 2a. The 
retainer ring 3 is fixed to the-ajower end of the cylindrical housing 2a and has a lower portion 
projecting radially inwardly. The retainer ring 3 may be integrally formed with the top ring 
body 2. 

[0056] The top ring drive shaft 11 is disposed above the-a_center of the cylindrical 

15 housing 2a. The top ring body 2 is coupled to the top ring drive shaft 11 by the universal 
joint 10. The universal joint 10 has a spherical bearing mechanism by which the top ring 
body 2 and the top ring drive shaft 11 are tiltable with respect to each other, and a rotation 
transmitting mechanism for transmitting the-rotation of the top ring drive shaft 11 to the top 
ring body 2. The rotation transmitting mechanism and the spherical bearing mechanism 
2 0 transmit pressing and rotating forces from the top ring drive shaft 1 1 to the top ring body 2 
while allowing the top ring body 2 and the top ring drive shaft 11 to be tilted with respect to 
each other. 

[0057] The spherical bearing mechanism comprises a spherical recess 11a defined 

centrally in the-ajower surface of the top ring drive shaft 11, a spherical recess 2d defined 



centrally in foe-an upper surface of the housing 2a, and a ball bearing baH-12 made of a highly 
hard materia^ such as ceramics ceramic, a nd-interposed between the spherical recesses 11a 
and 2d. The rotation transmitting mechanism comprises a drive pin (not shown) fixed to the 
top ring drive shaft 11, and a driven pin (not shown) fixed to the housing 2a. The drive pin 
is held in driving engagement with the driven pin while the drive pin and the driven pin are 
beiftg-vertically movable relativ e ly relative to each other. Th e rotation Rotation of the top 
ring drive shaft 1 1 is transmitted to the top ring body 2 through the drive and driven pins. 
Even when the top ring body 2 is tilted with respect to the top ring drive shaft 11, the drive 
and driven pins remain in engagement with each other at a moving point of contact, so that 
the-torque of the top ring drive shaft 1 1 can reliably be transmitted to the top ring body 2. 
[0058] The top ring body 2 and the retainer ring 3 secured to the top ring body 2 

jointly have a space defined therein, which accommodates therein an elastic pad 4 having a 
lower end surface to be brought into contact with the-an upper surface of the~a_semiconductor 
wafer W held by the top ring 1, an annular holder ring 5, and a disk-shaped chucking plate 
(support member) 6 for supporting the elastic pad 4. The elastic pad 4 has a radially outer 
edge clamped between the holder ring 5 and the chucking plate 6 a secured to the-ajower end 
of the holder ring 5^ and extends radially inwardly so as to cover the-ajower surface of the 
chucking plate 6, thus forming a space between the elastic pad 4 and the chucking plate 6. 
[0059] The chucking plate 6 may be made of metal. However, when the-a_thickness 

of a thin film formed on a surface of a semiconductor wafer is measured by a method using 
eddy current in such a state that the semiconductor wafer to be polished is held by the top 
ring, the chucking plate 6 should preferably be made of a non-magnetic material, e.g., an 
insulating material such as fluororesin or c e ramics ceramic . 

[0060] A pressurizing sheet 7, which comprises an elastic membrane, extends 



between the holder ring 5 and the top ring body 2. The pressurizing sheet 7 is made of a 
highly strong and durable rubber material such as ethylene propylene rubber (ethylene- 
propylene terpolymer (EPDM)), polyurethane rubber, silicone rubber, or the like. The 
pressurizing sheet 7 has a radially outer edge clamped between the housing 2a and the 
pressurizing sheet support 2b, and a radially inner edge clamped between an upper portion 5a 
and a stopper 5b of the holder ring 5. The top ring body 2, the chucking plate 6, the holder 
ring 5, and the pressurizing sheet 7 jointly define a pressure chamber 21 in the top ring body 
2. As shown in FIG 2, a fluid passage 31 comprising tubes and connectors communicates 
with the pressure chamber 21, which is connected to the compressed air source 120 via a 
regulator R2 connected to the fluid passage 31. 

[0061] In the-iL_case of a pressurizing sheet 7 made of an elastic material such as 

rubber, if the pressurizing sheet 7 is clamped between the retainer ring 3 and the top ring body 
2, then the pressurizing sheet 7 is elastically deformed as an elastic material, and a desired 
horizontal surface cannot be maintained on the~a_lower surface of the retainer ring 3. In 
order to maintain the-adesired horizontal surface on the lower surface of the retainer ring 3, 
the pressurizing sheet 7 is clamped between the housing 2a of the top ring body 2 and the 
pressurizing sheet support 2b A provided as a separate member in the present embodiment. 
The retainer ring 3 may vertically be movable with respect to the top ring body 2, or the 
retainer ring 3 may have a structure capable of pressing the-aj)olishing surface independently 
of the top ring 2, as disclosed in Japanese laid-open Patent Publication No. 9-168964 and 
Japanese Patent Application No. 11-294503 (corresponding to United States Patent 
Application Serial No. 09/652,148). In such cases, the pressurizing sheet 7 is not 
necessarily fixed in the aforementioned manner. 

[0062] A cleaning liquid passage 5 1 in the form of an annular groove is defined in the 
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upper surface of the housing 2a near its outer circumferential edge over which the seal 2c is 
fitted. The cleaning liquid passage 51 communicates with a fluid passage 32 via a through 
hole 52 formed in the seal 2c, and is supplied with a cleaning liquid (pure water) via the fluid 
passage 32. A plurality of communication holes 53 are defined in the housing 2a and the 
pressurizing sheet support 2b in communication with the cleaning liquid passage 51. The 
communication holes 53 communicate with a small gap G defined between the-an outer 
circumferential surface of the elastic pad 4 and the-an inner circumferential surface of the 
retainer ring 3. The fluid passage 32 is connected to a cleaning liquid source (not shown) 
through a rotary joint (not shown). 

[0063] The space defined between the elastic pad 4 and the chucking plate 6 

accommodates therein a central bag 8 as a central contact member to be brought into contact 
with the elastic pad 4, and a ring tube 9 as an outer contact member to be brought into contact 
with the elastic pad 4. These contact members may be brought into abutment against with 
the elastic pad 4. In the present embodiment, as shown in FIGS. 2 and 3, the central bag 8 
having a circular contact surface is disposed centrally on the-a_lower surface of the chucking 
plate 6, and the ring tube 9 having an annular contact surface is disposed radially outwardly of 
the central bag 8 in surrounding relation thereto. Specifically, the central bag 8 and the ring 
tube 9 are spaced from each other at ^predetermined ktefval s interval . Each of the elastic 
pad 4, aftd-the central bag 8 and the ring tube 9 is made of a highly strong and durable rubber 
material such as ethylene propylene rubber (ethylene-propylene terpolymer (EPDM)), 
polyurethane rubber, silicone rubber, or the like. 

[0064] The space defined between the chucking plate 6 and the elastic pad 4 is 

divided into a plurality of spaces (second pressure chambers) by the central bag 8 and the ring 
tube 9. Specifically, a pressure chamber 22 is defined between the central bag 8 and the ring 



tube 9, and a pressure chamber 23 is defined radially outwardly of the ring tube 9. 
[0065] The central bag 8 comprises an elastic membrane 81 to be brought into contact 

with the upper surface of the elastic pad 4, and a central bag holder (holding member) 82 for 
detachably holding the elastic membrane 81 in position. The central bag holder 82 has 
threaded holes 82a defined therein, and is detachably fastened to the-a_center of the lower 
surface of the chucking plate 6 by screws 55 threaded into the threaded holes 82a. The 
central bag 8 has a central pressure chamber 24 (first pressure chamber) defined therein by the 
elastic membrane 81 and the central bag holder 82. 

[0066] Similarly, the ring tube 9 comprises an elastic membrane 91 to be brought into 

contact with the upper surface of the elastic pad 4, and a ring tube holder (holding member) 
92 for detachably holding the elastic membrane 91 in position. The ring tube holder 92 has 
threaded holes 92a defined therein, and is detachably fastened to the lower surface of the 
chucking plate 6 by screws 56 threaded into the threaded holes 92a. The ring tube 9 has an 
intermediate pressure chamber 25 (first pressure chamber) defined therein by the elastic 
membrane 91 and the ring tube holder 92. 

[0067] Fluid passages 33, 34, 35 and 36 comprising tubes and connectors 

communicate with the pressure chambers 22, 23, the central pressure chamber 24, and the 
intermediate pressure chamber 25, respectively. The pressure chambers 22, 23, 24 and 25 
are connected to the compressed air source 120 via respective regulators R3, R4, R5 and R6 
connected respectively to the fluid passages 33, 34, 35 and 36. The fluid passages 31, 33, 
34, 35 and 36 are connected to the-respective regulators R2, R3, R4, R5 and R6 through a 
rotary joint (not shown) mounted on the-an upper end of the top ring drive shaft 11. 
[0068] The pressure chamber 21 above the chucking plate 6 and the pressure 

chambers 22 to 25 are supplied with a pressurized fluid such as pressurized air or atmospheric 
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an\ or evacuated, via the fluid passages 31, 33, 34, 35 and 36. As shown in FIG. 1, the 
regulators R2 to R6 connected to the fluid passages 31, 33, 34, 35 and 36 of the pressure 
chambers 21 to 25 can respectively regulate the-pressures of the-pressurized fluids supplied to 
the pressure chambers 21 to 25, for thereby independently controlling the-pressures in the 
pressure chambers 21 to 25 or independently introducing atmospheric air or vacuum into the 
pressure chambers 21 to 25. Thus, the-pressures in the pressure chambers 21 to 25 are 
independently varied with the regulators R2 to R6, so that the-pressing forces, which are 
pressures per unit area for pressing the semiconductor wafer W against the polishing pad 101, 
can be adjusted in local areas of the semiconductor wafer W via the elastic pad 4. In some 
applications, the pressure chambers 21 to 25 may be connected to a vacuum source 121. 
[0069] In this case, the-pressurized fluid or the-atmospheric air supplied to the 

pressure chambers 22 to 25 may independently be controlled in terms of temperature, for 
thereby directly controlling the-a_temperature of the semiconductor wafer from #*e-abackside 
of tha-a_surface to be polished. Particularly, when each of the pressure chambers is 
independently controlled in terms of t emperature, the-a_rate of chemical reaction can be 
controlled ifl-the during a chemical polishing process of CMP. 

[0070] As shown in FIG 3, a plurality of openings 41 are formed in the elastic pad 4. 

The chucking plate 6 has radially inner suction portions 61 and radially outer suction portions 
62 extended downwardly therefrom. The openings 41 positioned between the central bag 8 
and the ring tube 9 allow the inner suction portions 61 to be exposed externally, and the 
openings 41 positioned outside of the ring tube 9 allow the outer suction portions 62 to be 
exposed externally. In the present embodiment, the elastic pad 4 has eight openings 41 for 
allowing the-eight suction portions 61, 62 to be exposed. 

[0071] Each of the inner suction portions 61 has a hole 61a communicating with a 
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fluid passage 37, and each of the outer suction portions 62 has a hole 62a communicating 
with a fluid passage 38. Thus, ihe- each inner suction portion 61 and the- each outer suction 
portion 62 are connected to the vacuum source 12 1 A such as a vacuum pump,, via the 
respective fluid passages 37, 38 and valves VI, V2. When the suction portions 61, 62 are 
evacuated by the vacuum source 121 to develop a negative pressure at the-lower opening ends 
of the communicating holes 61a, 62a thereof, a semiconductor wafer W is attracted to the 
lower ends of the suction portions 61, 62 by the negative pressure. The suction portions 61, 
62 have elastic sheets 61b, 62b s such as thin rubber sheets, attached to their lower ends, for 
thereby elastically contacting and holding the semiconductor wafer W on the-lower surfaces 
thereof. 

[0072] As shown in FIG 2, when the semiconductor wafer W is polished, the lower 

ends of the suction portions 61, 62 are positioned above the lower surface of the elastic pad 4, 
without projecting downwardly from the lower surface of the elastic pad 4. When the 
semiconductor wafer W is attracted to the suction portions 61, 62, the lower ends of the 
suction portions 61, 62 are positioned at the same level as the lower surface of the elastic pad 
4. 

[0073] Since there is the small gap G between the outer circumferential surface of the 

elastic pad 4 and the inner circumferential surface of the retainer ring 3, the holder ring 5, the 
chucking plate 6, and the elastic pad 4 attached to the chucking plate 6 can vertically be 
moved with respect to the top ring body 2 and the retainer ring 3, and hence are of a floating 
structure with respect to the top ring body 2 and the retainer ring 3. A plurality of teeth 5c 
project radially outwardly from the-an outer circumferential edge of the stopper 5b of the 
holder ring 5. When the teeth 5c engage the-an upper surface of the-a_radially inwardly 
projecting portion of the retainer ring 3 upon downward movement of the holder ring 5, the 
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holder ring 5 is limited against any further downward movement. 
[0074] Operation of the top ring 1 thus constructed will be described below. 

[0075] When the semiconductor wafer W is to be delivered to the polishing apparatus, 

the top ring 1 is moved to a position to which the semiconductor wafer W is transferred, and 
5 the communicating holes 61a, 62a of the suction portions 61, 62 are evacuated via the fluid 
passages 37, 38 by the vacuum source 121. The semiconductor wafer W is attracted to the 
lower ends of the suction portions 61, 62 by a_suction effect of the communicating holes 61a, 
62a. With the semiconductor wafer W attracted to the top ring 1, the top ring 1 is moved to 
a position above the polishing table 100 having the polishing surface (polishing pad 101) 
10 thereon. The retainer ring 3 holds the-an outer circumferential edge of the semiconductor 
wafer W so that the semiconductor wafer W is not removed from the top ring 1 . 
[0076] For polishing the lower surface of the semiconductor wafer W, the 

semiconductor wafer W is thus held on the lower surface of the top ring 1, and the top ring air 
cylinder 1 1 1 connected to the top ring drive shaft 1 1 is actuated to press the retainer ring 3 X 
15 fixed to the lower end of the top ring -1- body 2, against the polishing surface on the polishing 
table 100 under a predetermined pressure. Then, the-pressurized fluids are respectively 
supplied to the pressure chambers 22, 23, the central pressure chamber 24, and the 
intermediate pressure chamber 25 under respective pressures, thereby pressing the 
semiconductor wafer W against the polishing surface on the polishing table 100. The 
20 polishing liquid supply nozzle 102 then supplies the polishing liquid Q onto the polishing pad 
101. Thus, the semiconductor wafer W is polished by the polishing pad 101 with the 
polishing liquid Q being present between the lower surface, to be polished, of the 
semiconductor wafer W and the polishing pad 101 . 

[0077] The local Local areas of the semiconductor wafer W that are positioned 

21 



beneath the pressure chambers 22, 23 are pressed against the polishing pad 101 under the 
pressures of the-pressurized fluids supplied to the pressure chambers 22, 23. The-AJocal 
area of the semiconductor wafer W that is positioned beneath the central pressure chamber 24 
is pressed via the elastic membrane 81 of the central bag 8 and the elastic pad 4 against the 
polishing pad 101 under the-pressure of the-pressurized fluid supplied to the central pressure 
chamber 24. : Fhe-AJocal area of the semiconductor wafer W that is positioned beneath the 
intermediate pressure chamber 25 is pressed via the elastic membrane 91 of the ring tube 9 
and the elastic pad 4 against the polishing pad 101 under the-pressure of the-pressurized fluid 
supplied to the intermediate pressure chamber 25. 

[0078] Therefore, the-polishing pressures acting on the-respective local areas of the 

semiconductor wafer W can be adjusted independently by controlling the-pressures of the 
pressurized fluids supplied to each of the pressure chambers 22 to 25. Specifically, each of 
the regulators R3 to R6 independently regulates the-pressure of the-pressurized fluid supplied 
to the pressure chambers 22 to 25 for thereby adjusting the-pressing forces applied to press 
the local areas of the semiconductor wafer W against the polishing pad 101 on the polishing 
table 100. With the polishing pressures on the respective local areas of the semiconductor 
wafer W being adjusted independently, the semiconductor wafer W is pressed against the 
polishing pad 101 on the polishing table 100 that is being rotated. Similarly, the-pressure of 
the-pressurized fluid supplied to the top ring air cylinder 1 1 1 can be regulated by the regulator 
Rl to adjust the-a_force with which the retainer ring 3 presses the polishing pad 101. While 
the semiconductor wafer W is being polished, the force with which the retainer ring 3 presses 
the polishing pad 101 and the pressing force with which the semiconductor wafer W is 
pressed against the polishing pad 101 can appropriately be adjusted for thereby applying 
polishing pressures in a desired pressure distribution to a central area CI, an inner area C2, an 
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intermediate area C3, and a peripheral area C4 of the semiconductor wafer W (see FIG. 3). 
[0079] The local areas of the semiconductor wafer W that are positioned beneath the 

pressure chambers 22, 23 are divided into areas to which a pressing force from a fluid is 
applied via the elastic pad 4, and areas to which the-pressure of a pressurized fluid is directly 
applied, such as areas positioned beneath the openings 41. However, the-pressing forces 
applied to these two areas are equal to each other. When the semiconductor wafer W is 
polished, the elastic pad 4 is brought into close contact with the upper surface of the 
semiconductor wafer W near the openings 41, so that the pressurized fluids supplied to the 
pressure chambers 22, 23 are prevented from flowing out to the-an exterior. 
[0080] In this manner, the semiconductor wafer W is divided into the-concentric 

circular and annular areas CI to C4, which can be pressed under independent pressing forces. 
The polishing Polishing rates of the circular and annular areas CI to C4, which depend on the 
pressing forces applied to those areas, can independently be controlled because the pressing 
forces applied to those areas can independently be controlled. Consequently, even if the-a 
thickness of a thin film to be polished on the-a_surface of the semiconductor wafer W suffers 
radial variations, the thin film on the surface of the semiconductor wafer W can be polished 
uniformly without being insufficiently or excessively polished. More specifically, even if 
the~ajhickness of the-athin film to be polished on the-a_surface of the semiconductor wafer W 
differs depending on the-a_radial position on the semiconductor wafer W, the-pressure in a 
pressure chamber positioned over a thicker area of the thin film is made higher than the 
pressure in a pressure chamber positioned over a thinner area of the thin film, or the-pressure 
in a pressure chamber positioned over a thinner area of the thin film is made lower than the 
pressure in a pressure chamber positioned over a thicker area of the thin film. In this 
manner, the-a_pressing force applied to the thicker area of the thin film is made higher than 



the a pressing force applied to the thinner area of the thin film, thereby selectively increasing 
the-a_polishing rate of the thicker area of the thin film. Consequently, the-an entire surface 
of the semiconductor wafer W can be polished exactly to a desired level irrespective of the-a 
film thickness distribution obtained at the-atime the thin film is formed. 
[0081] Any unwanted edge rounding on the— a circumferential edge of the 

semiconductor wafer W can be prevented by controlling the-a_pressing force applied to the 
retainer ring 3. If the-ajhin film to be polished on the-a_circumferential edge of the 
semiconductor wafer W has large thickness variations, then the-a_pressing force applied to the 
retainer ring 3 is intentionally increased or reduced to thus control the-a_polishing rate of the 
circumferential edge of the semiconductor wafer W. When the-pressurized fluids are 
supplied to the pressure chambers 22 to 25, the chucking plate 6 is subjected to upward 
forces. In the present embodiment, the-pressurized fluid is supplied to the pressure chamber 
21 via the fluid passage 31 to prevent the chucking plate 6 from being lifted under the-forces 
from the pressure chambers 22 to 25. 

[0082] As described above, the pressing force applied by the top ring air cylinder 1 1 1 

to press the retainer ring 3 against the polishing pad 10^ and the pressing forces applied by 
the pressurized fluids supplied to the pressure chambers 22 to 25 to press the local areas of 
the semiconductor wafer W against the polishing pad 101 a are appropriately adjusted to polish 
the semiconductor wafer W. When the-polishing of the semiconductor wafer W is finished, 
the semiconductor wafer W is attracted to the lower ends of the suction portions 61, 62 under 
vacuum in the same manner as described above. At this time, the-supply of the pressurized 
fluids into the pressure chambers 22 to 25 is stopped, and the pressure chambers 22 to 25 are 
vented to the-an atmosphere. Accordingly, the lower ends of the suction portions 61, 62 are 
brought into contact with the semiconductor wafer W. The pressure chamber 21 is vented to 

24 



the atmosphere or evacuated to develop a negative pressure therein. If the pressure chamber 
21 is maintained at a high pressure, then the semiconductor wafer W is strongly pressed 
against the polishing surface only in areas brought into contact with the suction portions 61, 
62. Therefore, it is necessary to decrease the— pressure in the pressure chamber 21 
immediately. Accordingly, a relief port 39 penetrating through the top ring body 2 may be 
provided for decreasing the-pressure in the pressure chamber 21 immediately, as shown in 
FIG 2. In this case, when the pressure chamber 21 is pressurized, it is necessary to 
continuously supply the-pressurized fluid into the pressure chamber 21 via the fluid passage 
31. The relief port 39 comprises a check valve (not shown) for preventing an outside air 
from flowing into the pressure chamber 21 at &e-a_time when a negative pressure is 
developed in the pressure chamber 21. 

[0083] After the semiconductor wafer W is attracted to the lower ends of the suction 

portions 61, 62, the entire top ring 1 in its entirety is moved to a position to which the 
semiconductor wafer W is to be transferred. Then, a fluid such as compressed air or a 
mixture of nitrogen and pure water is ejected to the semiconductor wafer W via the 
communicating holes 61a, 62a of the suction portions 61, 62 to release the semiconductor 
wafer W from the top ring 1 . 

[0084] The polishing liquid Q used to polish the semiconductor wafer W tends to 

flow through the gap G between the outer circumferential surface of the elastic pad 4 and the 
retainer ring 3. If the polishing liquid Q is firmly deposited in the gap Q then the holder 
ring 5, the chucking plate 6, and the elastic pad 4 are prevented from smoothly moving 
vertically with respect to the top ring body 2 and the retainer ring 3. To avoid such a 
drawback, a cleaning liquid (pure water) is supplied through the fluid passage 32 to the 
cleaning liquid passage 51. Accordingly, the-pure water is supplied via the communication 
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holes 53 to a region above the gap Q thus cleaning members defining the gap G to remove 
deposits of the polishing liquid Q. The pure water should preferably be supplied after the-a 
polished semiconductor wafer W is released and until a next semiconductor wafer to be 
polished is attracted to the top ring 1. It is also preferable to discharge all the-supplied pure 
water out of the top ring 1 before the next semiconductor wafer is polished, and hence to 
provide the retainer ring 3 with a plurality of through holes 3a shown in FIG. 7-2_for 
discharging the pure water. Furthermore, if a pressure buildup is developed in a space 26 
defined between the retainer ring 3, the holder ring 5, and the pressurizing sheet 7, then it acts 
to prevent the chucking plate 6 from being elevated in the top ring body 2. Therefore, in 
order to allow the chucking plate 6 to be elevated smoothly in the top ring body 2, the through 
holes 3a should preferably be provided for equalizing the-pressure in the space 26 with the 
atmospheric pressure. 

[0085] As described above, according to the present invention, tha-pressures in the 

pressure chambers 22, 23, the pressure chamber 24 in the central bag 8, and the pressure 
chamber 25 in the ring tube 9 are independently controlled to control the-pressing forces 
acting on the semiconductor wafer W. 

[0086] Further, according to the present invention, regions in which a pressing force 

applied to the semiconductor wafer W is controlled can easily be changed by changing 
positions or sizes of the central bag 8 and the ring tube 9. Examples of changing the-regions 
in which th^-a_pressing force applied to the semiconductor wafer W is controlled will be 
described below. 

[0087] FIGS. 4 A through 4E and FIG 5 are vertical cross-sectional views showing 

other examples of the contact members (central bag 8 and ring tube 9) in the substrate holding 
apparatus according to the present invention. 
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[0088] As shown in FIGS. 4 A and 4B, the-area CI in which the-a_pressing force 

applied to &e-a_semiconductor wafer is controlled can be changed by utilizing another central 
bag 8 having a different size. In this case, when the-^size and shape of a hole 82b for 
allowing the-pressure chamber 24 defined in the-central bag 8 to communicate with the fluid 
passage 35, and the-a_size and position of the-threaded holes 82a for mounting the-central bag 
holder 82 on the chucking plate 6 are predetermined, the-jyange in which the-a_pressing force 
applied to &e-a_semiconductor wafer is controlled can be changed simply by preparing a 
central bag holder 82 having a different size. In this case, it is not necessary to modify the 
chucking plate 6. 

[0089] As shown in FIGS. 4C and 4D, the-a_width and/or position of the-area C3 in 

which the-apressing force applied to the-a_semiconductor wafer is controlled can be changed 
by utilizing another ring tube 9 having a different size and/or shape. Further, as shown in 
FIG. 4E, a plurality of holes 57 and threaded holes (not shown) may be provided in-at 
predetermined radial positions of the chucking plate 6. In this case, #*e-communicating hole 
92b is positioned at a position corresponding to one of the communicating holes 57, and the 
other communicating holes 57 (and threaded holes) are filled with screws 58 for sealing 
fluids. Thus, the ring tube 9 can flexibly be mounted in the-a_radial direction, so that the-a 
region in which the~a_pressing force is controlled can flexibly be changed. 
[0090] As shown in FIG. 5, a protrusion 81a pr otr uding extending radially outwardly 

from the-a_circumferential edge of the elastic membrane 81 may be provided on the-ajower 
surface of the central bag 8, and protrusions 91a protruding extending radially from the 
circumferential edges of the elastic membrane 91 may be provided on the-ajower surface of 
the ring tube 9. The protrusions 8 la, 91a are made of the same material as that of the central 
bag 8 and the ring tube 9. As described above, when the-a_semiconductor wafer is polished, 



pressurized fluids are supplied to the pressure chamber 22 positioned between the central bag 
8 and the ring tube 9, and the pressure chamber 23 surrounding the ring tube 9. Therefore, 
the protrusions 81a, 91a are brought into close contact with the elastic pad 4 by the 
pressurized fluids supplied to the pressure chambers 22, 23. Thus, even if the-pressure of 
the-pressurized fluid supplied to the pressure chamber 22 adjacent to the central bag 8 is 
considerably higher than the-pressure of the-pressurized fluid supplied to the pressure 
chamber 24 defined in the central bag 8, the-high-pressure fluid adjacent to the central bag 8 
is prevented from flowing into the-ajower portion of the central bag 8. Similarly, even if the 
pressure of the-pressurized fluid supplied to the pressure chamber 22 or 23 adjacent to the 
ring tube 9 is considerably higher than the-pressure of the-pressurized fluid supplied to the 
pressure chamber 25 defined in the ring tube 9, the-high-pressure fluid adjacent to the ring 
tube 9 is prevented from flowing into the-a_lower portion of the ring tube 9. Therefore, the 
protrusions 81a, 91a can widen the-a_range of pressure control in each of the pressure 
chambers, for thereby pressing the semiconductor wafer more stably. 

[0091] The elastic membrane membranes 81. 91 may each have a partially different 

thickness differing thicknesses or may partially include an inelastic member. FIG 6A shows 
an example in which the elastic membrane 91 of the ring tube 9 has side surfaces 91b thicker 
than the-a_surface to be brought into contact with the elastic pad 4. FIG. 6B shows an 
example in which the elastic membrane 91 of the ring tube 9 partially includes inelastic 
members 9 Id in the-side surfaces thereof. In these examples, deformation of the side 
surfaces of the elastic membrane due to the— pressure in the pressure chambers can 
appropriately be limited. 

[0092] As described above, the-a_distribution of the-ajhin film formed on tbe-a 

surface of the-a_semiconductor wafer varies depending on a deposition method or a deposition 
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apparatus employed . According to the present invention, a substrate holding apparatus can 
change the-a_position and size of the pressure chambers for applying the-pressing foree- forces 
to the semiconductor wafer simply by chang e of the changing central bag 8 and the-central 
bag holder 82, or the-ring tube 9 and the-ring tube holder 92. Therefore, the-a_position and 
region in which the-a_pressing force is controlled can easily be changed in accordance with 
the-distribution of the-a_thin film to be polished at low cost. In other words, the substrate 
holding apparatus can cope with various thickness distributions of the-a_thin film formed on 
the-a_semiconductor wafer to be polished. The change Change of the-shape and position of 
the central bag 8 or the ring tube 9 leads to the-a_change of the-size of the pressure chamber 
22 positioned between the central bag 8 and the ring tube 9, and the pressure chamber 23 
surrounding the ring tube 9. 

[0093] A polishing apparatus according to a second embodiment of the present 

invention will be described below with reference to FIGS. 7 through 11. FIG 7 is a vertical 
cross-sectional view showing a top ring 1 according to the second embodiment. Like parts 
and components are designated by the same reference numerals and characters as those in the 
first embodiment. 

[0094] In the second embodiment, as shown in FIG 7, the top ring 1 has a seal ring 42 

instead of an elastic pad. The seal ring 42 comprises an elastic membrane covering only a 
lower surface of a chucking plate 6 near its outer circumferential edge. In the second 
embodiment, neither an inner suction portion (indicated by the reference numeral 61 in FIG 
2) nor an outer suction portion (indicated by the reference numeral 62 in FIG 2) is provided 
on the chucking plate 6, for a simple configuration. However, suction portions for attracting 
a semiconductor wafer may be provided on the chucking plate 6, as with the first 
embodiment. The seal ring 42 is made of a highly strong and durable rubber material such 



as ethylene propylene rubber (ethylene-propylene terpolymer (EPDM)), polyurethane rubber, 
silicone rubber, or the like. 

[0095] The seal ring 42 is provided in such a state that the-ajower surface of the seal 

ring 42 is brought into contact with foe-an upper surface of the-semiconductor wafer W. The 
seal ring 42 has a radially outer edge clamped between the chucking plate 6 and a holder ring 
5, as with the elastic pad 4 in the first embodiment. The semiconductor wafer W has a 
recess defined in an outer edge thereof, which is referred to as a notch or orientation flat, for 
recognizing or identifying the-an orientation of the semiconductor wafer. Therefore, the seal 
ring 42 should preferably extend radially inwardly from the-an innermost position of the 
recess , i.e. the such a notch or orientation flat. 

[0096] A central bag 8 is disposed centrally on fte-a_Iower surface of the chucking 

plate 6, and a ring tube 9 is disposed radially outwardly of the central bag 8 in surrounding 
relation thereto, as with the first embodiment. 

[0097] In the second embodiment, a semiconductor wafer W to be polished is held by 

the top ring 1 in such a state that the semiconductor wafer W is brought into contact with the 
seal ring 42, an elastic membrane 81 of the central bag 8, and an elastic membrane 91 of the 
ring tube 9. Therefore, the semiconductor wafer W, the chucking plate 6, and the seal ring 
42 jointly define a space therebetween, instead of the space defined by the elastic pad and the 
chucking plate in the first embodiment. This space is divided into a plurality of spaces 
(second pressure chambers) by the central bag 8 and the ring tube 9. Specifically, a pressure 
chamber 22 is defined between the central bag 8 and the ring tube 9, and a pressure chamber 
23 is defined radially outwardly of the ring tube 9. 

[0098] Fluid passages 33, 34, 35 and 36 comprising tubes and connectors 

communicate with the pressure chambers 22, 23, a central pressure chamber (first pressure 
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chamber) 24 defined in the central bag 8, and an intermediate pressure chamber (first pressure 
chamber) 25 defined in the ring tube 9, respectively. The pressure chambers 22, 23, 24 and 
25 are connected to the— a compressed air source via respective regulators connected 
respectively to the fluid passages 33, 34, 35 and 36. The regulators connected to the-fluid 
passages 31, 33, 34, 35 and 36 of the-pressure chambers 21 to 25 can respectively regulate the 
pressures of the-pressurized fluids supplied to the pressure chambers 21 to 25, for thereby 
independently controlling the^pressures in the pressure chambers 21 to 25 a or independently 
introducing atmospheric air or vacuum into the pressure chambers 21 to 25. Thus, the 
pressures in the pressure chambers 21 to 25 are independently varied with the regulators, so 
that the-pressing forces can be adjusted in local areas of the semiconductor wafer W. In 
some applications, the pressure chambers 21 to 25 may be connected to a vacuum source 121. 
[0099] Operation of the top ring 1 thus constructed will be described below. 

[00100] When the semiconductor wafer W is to be delivered to the polishing apparatus, 
the top ring 1 is moved to a position to which the semiconductor wafer W is delivered, and 
the central bag 8 and the ring tube 9 are supplied with a pressurized fluid under a 
predetermined pressure for bringing the-lower surfaces of the central bag 8 and the ring tube 9 
into close contact with the-an upper surface of the semiconductor wafer W. Thereafter, the 
pressure chambers 22, 23 are connected to a vacuum source via the fluid passages 33, 34 to 
develop a negative pressure in the pressure chambers 22, 23 for thereby attracting the 
semiconductor wafer W under vacuum. 

[00101] For polishing the— a lower surface of the semiconductor wafer W, the 
semiconductor wafer W is thus held on the-ajower surface of the top ring 1, and the-top ring 
air cylinder 1 1 1 connected to the-top ring drive shaft 1 1 is actuated to press the-retainer ring 3 a 
fixed to the-ajower end of the-top ring 4- body 2, against the-a_polishing surface on the 



polishing table 100 under a predetermined pressure. Then, the-pressurized fluids are 
respectively supplied to the pressure chambers 22, 23, the central pressure chamber 24, and 
the intermediate pressure chamber 25 under respective pressures, thereby pressing the 
semiconductor wafer W against the polishing surface on the polishing table 100. The 
poli s hin g Polishing liquid supply nozzle 102 then supplies the-polishing liquid Q onto the 
polishing pad 101. Thus, the semiconductor wafer W is polished by the polishing pad 101 
with the polishing liquid Q being present between the lower surface, to be polished, of the 
semiconductor wafer W and the polishing pad 101. 

[00102] The local Local areas of the semiconductor wafer W that are positioned 
beneath the pressure chambers 22, 23 are pressed against the polishing pad 101 under the 
pressures of the pressurized fluids supplied to the pressure chambers 22, 23. The-AJocal 
area of the semiconductor wafer W that is positioned beneath the central pressure chamber 24 
is pressed via the elastic membrane 81 of the central bag 8 against the polishing pad 101 
under the pressure of the pressurized fluid supplied to the central pressure chamber 24. The 
AJocal area of the semiconductor wafer W that is positioned beneath the intermediate 
pressure chamber 25 is pressed via the elastic membrane 91 of the ring tube 9 against the 
polishing pad 101 under the pressure of the pressurized fluid supplied to the intermediate 
pressure chamber 25. 

[00103] Therefore, the-polishing pressures acting on the-respective local areas of the 
semiconductor wafer W can be adjusted independently by controlling the-pressures of the 
pressurized fluids supplied to each of the pressure chambers 22 to 25. Thus, the 
semiconductor wafer W is divided into the-concentric circular and annular areas, which can 
be pressed under independent pressing forces. Th e polishing Polishing rates of the circular 
and annular areas, which depend on the-pressing forces applied to those areas, can 
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independently be controlled because the— pressing forces applied to those areas can 
independently be controlled. Consequently, even if the-ajhickness of a thin film to be 
polished on the-a_surface of the semiconductor wafer W suffers radial variations, the thin film 
on the surface of the semiconductor wafer W can be polished uniformly without being 
insufficiently or excessively polished. More specifically, even if the-a_thickness of the-athin 
film to be polished on the-a_surface of the semiconductor wafer W differs depending on the-a 
radial position on the semiconductor wafer W, the-pressure in a pressure chamber positioned 
over a thicker area of the thin film is made higher than the-pressure in a pressure chamber 
positioned over a thinner area of the thin film, or the-pressure in a pressure chamber 
positioned over a thinner area of the thin film is made lower than the-pressure in a pressure 
chamber positioned over a thicker area of the thin film. In this manner, the-a_pressing force 
applied to the thicker area of the thin film is made higher than the-a_pressing force applied to 
the thinner area of the thin film, thereby selectively increasing the-a_polishing rate of the 
thicker area of the thin film. Consequently, the-an entire surface of the semiconductor wafer 
W can be polished exactly to a desired level irrespective of the-a_film thickness distribution 
obtained at the-a_time the thin film is formed. 

[00104] When the semiconductor wafer W is polished, the seal ring 42 is brought into 
close contact with a part of the-an upper surface of the semiconductor wafer for thereby 
sealing this space. Hence, the-pressurized fluid is prevented from flowing out to the-an 
exterior of the pressure chamber 23. 

[00105] When the— polishing of the semiconductor wafer W is finished, the 
semiconductor wafer W is attracted under vacuum in the same manner as described above, 
and then the pressure chamber 21 is vented to the-an atmosphere or evacuated to develop a 
negative pressure therein. After the semiconductor wafer W is attracted, the entife-top ring 1 
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in its entirety is moved to a position from which the semiconductor wafer W is to be 
delivered. Then, a fluid such as compressed air or a mixture of nitrogen and pure water is 
ejected to the semiconductor wafer W via the fluid passages 33, 34 to release the 
semiconductor wafer W from the top ring 1. If the elastic membrane 81 of the central bag 8 
and the elastic membrane 91 of the ring tube 9 have through holes defined in their lower 
surfaces, then since downward forces are applied to the semiconductor wafer W by the-fluid 
flowing through these through holes, the semiconductor wafer W can be smoothly released 
from the top ring 1. After the semiconductor wafer W is released from the top ring 1, most 
of tha-lower surface surfaces of the top ring 1 Is-are exposed. Therefore, the lower surface 
surfaces of the top ring 1 can be cleaned relatively easily after the semiconductor wafer W is 
polished and released. 

[00106] Other Examples of the central bag 8 and the ring tube 9 in the substrate 
holding apparatus according to the present invention will be described below. FIG 8 is a 
vertical cross-sectional view showing another example of the present invention, and FIG 9 is 
a bottom view of FIG 8 in such a state that a semiconductor wafer W is removed. 
[00107] In this example, as shown in FIGS. 8 and 9, a central bag 8 has an elastic 
membrane 81 only at the-an outer circumferential edge of the central bag 8, and a circular 
hole (communicating portion) 83 is formed in the-ajower surface of the elastic membrane 81 
of the central bag 8. A ring tube 9 has two elastic membranes, i.e., a radially inner elastic 
membrane 91e and a radially outer elastic membrane 9 If, and an annular groove 
(communicating portion) 93 is formed between the inner elastic membrane 91e and the outer 
elastic membrane 9 If. Pressurized fluids supplied to the-central pressure chamber 24 and 
the-intermediate pressure chamber 25 contact the-an upper surface, which is a contact surface, 
of the-a semiconductor wafer W. 
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[00108] When the-pressurized fluids supplied to the central pressure chamber 24 and 
the intermediate pressure chamber 25 are controlled in terms of temperature, and the-a 
temperature of the semiconductor wafer W is controlled from the-abackside of the surface to 
be polished, as described above, the communicating portions 83, 93 formed in the lower 
surfaces of the elastic membranes of the central bag 8 and the ring tube 9 can increase the-an 
area in which the-pressurized fluid controlled in terms of temperature is brought into contact 
with the semiconductor wafer W. Therefore, controllability m-~of temperature of the 
semiconductor wafer W can be improved. Further, when the-polishing of the semiconductor 
wafer W is finished and the semiconductor wafer W is released, the central pressure chamber 
24 and the intermediate pressure chamber 25 are respectively opened to the-outside air via the 
circular hole 83 and the annular groove 93. Thus, fluids supplied into the central pressure 
chamber 24 and the intermediate pressure chamber 25 are prevented from remaining in the 
central pressure chamber 24 and the intermediate pressure chamber 25. Therefore, even 
when semiconductor wafers W are continuously polished, controllability m-of temperature of 
fee- each semiconductor wafer W can be maintained. 

[00109] When the-a_semiconductor wafer W is polished, fee-pressurized fluids are 
supplied to the central pressure chamber 24 and the intermediate pressure chamber 25. 
Therefore, the lower surface of the elastic membrane 81 of the central bag 8 and the lower 
surface of the inner and outer elastic membranes 91e, 9 If of the ring tube 9 are pressed 
against the-an upper surface, which is the contact surface, of the semiconductor wafer W. 
Accordingly, even though the circular hole 83 and the annular groove 93 are formed in the 
elastic membranes, fee-pressurized fluids supplied to the central pressure chamber 24 and the 
intermediate pressure chamber 25 are prevented from flowing out to the-an exterior. 
[00110] In the example shown in FIGS. 8 and 9, a force that causes the circular hole 83 

35 



to expand outwardly acts on the elastic membrane 81 of the central bag 8 due to the 
pressurized fluid supplied to the central pressure chamber 24. A force that causes the 
annular groove 93 to expand outwardly acts on the elastic membranes 91 e, 91 f of the ring 
tube 9 due to the-pressurized fluid supplied to the intermediate pressure chamber 25. In 
order to disperse these forces, a plurality of circular holes (communicating portions) 84, 94 
may be provided on the lower surface of the elastic membrane 81, 91 of the central bag 8 and 
the ring tube 9, as shown in FIG. 10. 

[00111] As shown in FIG. 11, an annular contacting portion 85 having a sealed fluid 
therein may be provided at the-ajower end of the-elastic membrane 81 of the central bag 8. 
Further, an (inner) annular contacting portion 95a and an (outer) annular contacting portion 
95b each having a sealed fluid therein may be provided at the-a_lower end of the-elastic 
membrane 91 of the ring tube 9. In this case, the-contacting portions 85, 95a, 95b are 
pressed against the-a_semiconductor wafer W by a pressurized fluid supplied to the-pressure 
chamber 21, and hence the-pressure chambers 22, 23, the-central pressure chamber 24, and 
the-intermediate pressure chamber 25 are respectively sealed with the contacting portions 85, 
95a, 95b. At this time, the contacting portions 85, 95a, 95b pressed against the 
semiconductor wafer W are deformed to increase the-an area in which the contacting portions 
85, 95a, 95b are brought into contact with the semiconductor wafer W, so that the-a_force 
applied to the semiconductor wafer W becomes larger. However, adjustment of the-pressure 
in the pressure chamber 21 can prevent an excessive force from being applied to the 
semiconductor wafer W by the contacting portions 85, 95a and 95b. The examples shown in 
FIGS. 8 through 11 can be applied to the first embodiment. 

[00112] A polishing apparatus according to a third embodiment of the present 
invention will be described below with reference to FIGS. 12 and 13. FIG. 12 is a vertical 
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cross-sectional view showing a top ring 1 according to the third embodiment, and FIG. 13 is a 
bottom view showing the top ring 1 of the-FIG 12 in such a state that a semiconductor wafer 
W is removed. Like parts and components are designated by the same reference numerals 
and characters as those in the second embodiment. 

[00113] In the third embodiment, as shown in FIG 12, the top ring 1 has no elastic pad 
and no seal ring. A central bag 8 has an annular central bag holder 82, and an annular elastic 
membrane 81 is held at the-an outer circumferential edge of the central bag holder 82. A 
circular hole 83 is formed in the-ajower surface of the elastic membrane 81 of the central bag 
8, as with the example shown in FIGS. 8 and 9. 

[00114] Th e rin g Ring tube 9 is mounted at a position corresponding to tbe-an outer 
peripheral portion of the semiconductor wafer W. The ring tube 9 has an inner elastic 
membrane 91e and an outer elastic membrane 91 f, and an annular groove 93 is formed 
between the inner elastic membrane 91e and the outer elastic membrane 9 If, as with the 
example shown in FIGS. 8 and 9. An annular auxiliary holder 96 is disposed inside of a ring 
tube holder. The inner elastic membrane 91e of the ring tube 9 has a protrusion protruding 
extending radially inwardly from the-an upper end thereof. The protrusion is held by the 
auxiliary holder 96, so that the inner elastic membrane 91 e is held securely. 
[00115] The elastic membrane 81 of the central bag 8 has a protrusion 81b protruding 
extending radially outwardly from the-ajower circumferential edge thereof. The inner 
elastic membrane 91 e of the ring tube 9 has a protrusion 91g protruding extending radially 
inwardly from the-ajower circumferential edge thereof. As described in the example shown 
in FIG 5, these protrusions can widen the-a_range of pressure control, for thereby pressing the 
semiconductor wafer W against the-a_polishing surface more stably. 

[00116] The chucking Chucking plate 6 has inner suction portions 61 and outer suction 
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portions 62 for attracting a semiconductor wafer W thereto, as with the first embodiment. 
The inner suction portions 61 are disposed inside of the central bag 8, and the outer suction 
portions 62 are disposed between the central bag 8 and the ring tube 9. 
[00117] In the present embodiment, the semiconductor wafer W to be polished is held 
by the top ring 1 in such a state that the semiconductor wafer W is brought into contact with 
the elastic membranes 81, 91e, 9 If of the central bag 8 and the ring tube 9. Therefore, the 
central bag 8 and the ring tube 9 jointly define a pressure chamber 22 between the 
semiconductor wafer W and the chucking plate 6. As described above, the ring tube 9 is 
mounted at a position corresponding to the outer peripheral portion of the semiconductor 
wafer W, and a pressure chamber (indicated by the reference numeral 23 in FIG. 7) is not 
defined outside of the ring tube 9. 

[00118] Fluid passages 31, 33, 35 and 36 comprising tubes and connectors 
communicate with a pressure chambers chamber 21 defined above the chucking plate 6, the 
pressure chamber 22, a central pressure chamber (first pressure chamber) 24 defined in the 
central bag 8, and an intermediate pressure chamber (first pressure chamber) 25 defined in the 
ring tube 9, respectively. The pressure chambers 21, 22, 24 and 25 are connected to a 
compressed air source via respective regulators connected respectively to the fluid passages 
31, 33, 35 and 36. The regulators connected to the fluid passages 31, 33, 35 and 36 of the 
pressure chambers 21, 22, 24 and 25 can respectively regulate the-pressures of the-pressurized 
fluids supplied to the pressure chambers 21, 22, 24 and 25, for thereby independently 
controlling the-pressures in the pressure chambers 21, 22, 24 and 25. or independently 
introducing atmospheric air or vacuum into the pressure chambers 21, 22, 24 and 25. Thus, 
the-pressures in the pressure chambers 21, 22, 24 and 25 are independently varied with the 
regulators, so that the-pressing forces can be adjusted in local areas of the semiconductor 
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wafer W. 

[00119] When the semiconductor wafer W is polished, it is difficult to uniformly polish 
the-aperipheral portion of the semiconductor wafer W, because of elastic deformation of the-a 
polishing pad or the lik^ or entry of a polishing liquid into a space between the-a_polishing 
surface and the semiconductor wafer W, regardless of the-ajhickness distribution of a thin 
film formed on tha-a_surface of the semiconductor wafer W to be polished. In the present 
embodiment, the ring tube 9 is mounted at a position corresponding to the outer peripheral 
portion of the semiconductor wafer W. Further, the-width Dl of the ring tube 9 is narrow, 
and the-diameter D2 of the central bag 8 is large. Hence, the-apressing force applied to the 
peripheral portion of the semiconductor wafer W is controlled to uniformly polish the 
peripheral portion of the semiconductor wafer W. Specifically, the ring tube 9 should 
preferably have a width of at most 10 mm or les s, more preferably at most 5 mm or le s s . 
The di s tano e Di stance D3 between the central bag 8 and the ring tube 9 should preferably be 
in the range of 20 to 25 mm in the-a_case of a semiconductor wafer having a diameter of 200 
mm, and in the range of 25 to 30 mm in the~a_case of a semiconductor wafer having a 
diameter of 300 mm. 

[00120] While the present invention has been described in detail with reference to the 
preferred embodiments thereof, it would be apparent to those skilled in the art that many 
modifications and variations may be made therein without departing from the spirit and scope 
of the present invention. 

[00121] In the embodiments described above, the fluid passages 31, 33, 34, 35 and 36 
are provided as separate passages. However, the-an arrangement of the-fluid passages and 
the-pressure chambers may be modified in accordance with #te-a_magnitude of the-a^pressing 
force to be applied to the-a_semiconductor wafer W and the-aLposition to which the pressing 



force is applied. For example, these passages may be joined to each other, or the pressure 
chambers may be connected to each other. 

[00122] The pressure chambers 22, 23 may be connected to the pressure chamber 21 to 
form one pressure chamber, without the fluid passage 33 communicating with the pressure 
chamber 22 and the fluid passage 34 communicating with the pressure chamber 23. In this 
case, the-pressures in the-pressure chambers 21, 22, 23 are controlled at an equal pressure by a 
pressurized fluid supplied via the fluid passage 31. If it is not necessary to provide a 
pressure difference between the pressure chamber 22 and the pressure chamber 23, and the 
pressures in fte-central pressure chamber 24 and the-intermediate pressure chamber 25 are not 
larger than the-pressures in the pressure chambers 21, 22, 23, then the above arrangement can 
be adopted to dispense with the-fluid passages 33, 34, for thereby decreasing the number of 
the-fluid passages and simplifying the fluid passages. 

[00123] When the inner suction portions 61 and the outer suction portions 62 are 
provided on the chucking plate 6, as in the first and third embodiments, not only is_a vacuum 
is created in the fluid passages 37, 38 communicating with the suction portions 61, 62, but 
also pressurized fluids may be supplied to the fluid passages 37, 38. In this case, suction of 
tha-a_semiconductor wafer k-atjhe suction portions 61, 62 and supply of the-pressurized 
fluids to the pressure chambers 22, 23 can be performed with one respective passage. 
Hence, it is not necessary to provide two fluid passages, i.e., the fluid passages 33, 34, for 
thereby decreasing the number of the-fluid passages and simplifying the fluid passages. 
[00124] In the first and second embodiments, the chucking plate 6 has a protuberance 
63 projecting downwardly from the outer circumferential edge thereof for maintaining the-a 
shape of the-ajower peripheral portion of the elastic membrane pad 4 or the seal ring 42 (see 
FIGS. 2 and 7). However, if it is not necessary to maintain the shape of the elastic 
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membrane pad 4 or the seal ring 42 because of its material or the like, then the chucking plate 
6 does not need to have such a protuberance. FIG 14 is a vertical cross-sectional view 
showing a top ring 1 in which the chucking plate 6 has no protuberance 63 asjn the first 
embodiment. In this case, the-semiconductor wafer W can uniformly be pressed from the-a 
central portion thereof to the-an outer peripheral portion thereof. Further, the semiconductor 
wafer can easily follow ihe-ajarge waviness or undulation on the-apolishing surface. 
[00125] In the embodiments described above, the polishing surface is constituted by 
the-apolishing pad. However, the polishing surface is not limited to this. For example, the 
polishing surface may be constituted by a fixed abrasive. The fixed abrasive is formed into 
a flat plate comprising abrasive particles fixed by a binder. With the fixed abrasive, the-a 
polishing process is performed by the abrasive particles self-generated from the fixed 
abrasive. The fixed abrasive comprises abrasive particles, a binder, and pores. For 
example, cerium dioxide (CeCb) having an average particle diameter of 0.5 jxm is used as an 
abrasive particle, and epoxy resin is used as a binder. Such a fixed abrasive forms a harder 
polishing surface. The fixed abrasive includes a fixed abrasive pad having a two-layer 
structure formed by a thin layer of a fixed abrasive and an elastic polishing pad attached to the 
layer of the fixed abrasive. IC-1000 described above may be used for another hard polishing 
surface. 

[00126] As described above, according to the present invention, pressures in a first 
pressure chambers chamber and a second pressure chamber can be independently controlled. 
Therefore, a pressing force applied to a thicker area of a thin film can be made higher than a 
pressing force applied to a thinner area of the thin film, thereby selectively increasing the-a 
polishing rate of the thicker area of the thin film. Consequently, an entire surface of a 
substrate can be polished exactly to a desired level irrespective of the-film thickness 



distribution obtained at the-atime the thin film is formed. 

[00127] Further, according to the present invention, a contact member comprises a 
holding member for detachably holding an elastic membrane, or the holding member of the 
contact member is detachably mounted on a support member. Hence, the elastic membrane 
or the contact member can easily be replaced with another one. Specifically, the-a_position 
and size of the-a_first pressure chamber and the-second pressure chamber can be changed 
simply by change o f changing the elastic membrane or the contact member. Therefore, a 
substrate holding apparatus according to the present invention can easily cope with various 
thickness distributions of a thin film formed on the-a_substrate to be polished at a low cost. 
[00128] In a substrate holding apparatus comprising a seal ring, the-ajower surface of 
the-a_support member is not covered after the-a_semiconductor wafer is released. Therefore, 
a large part of the lower surface of the support member is exposed after the semiconductor 
wafer is released, so that the substrate holding apparatus can easily be cleaned after the-a 
polishing process. 

[00129] Furthermore, a protrusion radially protruding extending from a circumferential 
edge of the elastic membrane of the- each contact member is provided on the-a_lower surface 
of the elastic membrane. Therefore, the protrusion is brought into close contact with an 
elastic pad or a substrate by a pressurized fluid supplied to the second pressure chamber to 
prevent the pressurized fluid from flowing into tha~a_lower portion of the contact member. 
Hence, the-a_range of pressure control can be widened to press the~a_substrate against the-a 
polishing surface more stably. 

[00130] Although certain preferred embodiments of the present invention have been 
shown and described in detail, it should be understood that various changes and modifications 
may be made therein without departing from the scope of the appended claims. 



ABSTRACT OF THE DISCLOSURE 

The present invention relates to a substrate holding apparatus for holding a 
substrate to be polished and pressing the substrate against a polishing surface. The substrate 
holding apparatus comprises a top ring body for holding a substrate, an elastic pad for being 
5 brought into contact with the substrate, and a support member for supporting the elastic pad. 
The substrate holding apparatus further comprises a contact member mounted on a lower 
surface of the support member and disposed in a space formed by the elastic pad and the 
support member. The contact member has an elastic membrane for being brought into 
contact with the elastic pad. A first pressure chamber is defined in the contact member, and 
10 a second pressure chamber is defined outside of the contact member. The substrate holding 
apparatus further comprises a fluid source for independently supplying a fluid into,, or 
creating a vacuum in, the first pressure chamber and the second pressure chamber. 
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